INTRODUCTION
Aflatoxins are a group of polyketides produced by Aspergillus flavus and A. parasiticus. Infestation of crops and food commodities by aflatoxin producing aspergilli is a serious problem in view of the immunosuppressive, carcinogenic, cytotoxic and teratogenic effects of the compounds (Ellis et al. 1991) . Metal ions, functioning as micronutrients and modulators of enzyme action, are known not only to promote fungal growth, but also to influence secondary metabolite production including the production of aflatoxins (Dutton 1988) . A number of metal ions, including calcium, cadmium, manganese, cobalt, boron, molybdenum, copper, iron and zinc, have been reported to stimulate aflatoxin production (Maggon et al. 1977) . However, the importance of Ca 2¦ , which is an important second messenger mediating diverse biological activities, has not been firmly established in the production of secondary metabolites by fungi, and its role in aflatoxin production remains controversial. While both calcium and iron were reported to exert meagre influences on aflatoxin formation (Mateles and Adye 1965; Lee et al. 1966) , Tulpule (1969) as well as Maggon et al. (1977) reported that the absence of calcium from culture media results in decreased aflatoxin production. Enhanced [
14 C]-acetate incorporation into aflatoxins was also observed in the presence of calcium by stationary phase cultures of A. parasiticus (Gupta et al. 1975) . In recent years, increasing evidence is becoming available to indicate the importance of Ca 2¦ and calmodulin (the intracellular Ca 2¦ -binding protein) during the initial phases of fungal growth (St Leger et al. 1989; Praveen Rao et al. 1997) . Reversible phosphorylation of specific proteins, mediated by several protein kinases including those dependent on Ca 2¦ -calmodulin, is known to be associated with molecular events of cellular differentiation leading to the initiation of secondary metabolism (Beppu 1995) . Furthermore, the antiaflatoxigenic activity of anticalmodulin agents has recently been investigated, and a role for Ca 2¦ -calmodulin dependent protein phosphorylation during aflatoxin production by A. parasiticus has been suggested (Praveen Rao et al. 1998 ). The present communication reports the effect of Ca 2¦ channel blockers on growth and aflatoxin production by A. parasiticus and demonstrates the importance of Ca 2¦ in the production of these toxins.
MATERIALS AND METHODS

Organism and culture conditions
A toxigenic strain of Aspergillus parasiticus (NRRL-2999) was obtained from the Department of Agriculture, Northern Regional Research Centre, Peoria, IL, USA, and maintained on Potato Dextrose Agar (PDA) slants. Spores (2 × 10 4 ) were cultured in 50 ml conical flasks containing 10 ml basal medium (pH 6·0) supplemented with 5% glucose and trace metal stock solution (Adye and Matles 1964) . Varying amounts (1-3 mmol l −1 ) of verapamil and diltiazem (Sigma Chemical Co.) were included in the medium, aseptically. The organism was grown at 28°C as a stationary culture for 3 d. At the end of the growth period, the mycelium was harvested by filtration and dried overnight at 80°C to obtain dry weights.
Extraction and analysis of aflatoxins
Isolation of aflatoxins from culture media, and their subsequent analysis, was performed essentially as described earlier (Praveen Rao et al. 1998) . Aflatoxins produced after 3 d of culturing were extracted by adding equal volumes of chloroform to the culture medium. The chloroform extract was dried by rotary evaporation, dissolved in a benzene-acetonitrile mixture (98:2), and samples (10 ml) chromatographed on 0·75 mm thick silica gel G coated plates (particle size 75 m) using toluene : ethylacetate : formic acid (6:3:1) as the solvent system. Appropriate reference standards of aflatoxins, i.e. AFB 1 , AFB 2 , AFG 1 and AFG 2 (a gift from Dr B. Sashidhar Rao, Department of Biochemistry, Osmania University) were simultaneously chromatographed and aflatoxin contents were quantified using an image analyser (UVP Image Store 5000; Ultra Violet Products, San Gabriel, CA, USA). Three day-old cultures, in the log phase of growth and at the stage of maximum aflatoxin production, were used to study the effect of verapamil and diltiazem on the incorporation of [ 14 C]-acetate (60 mCi mmol −1 , obtained from BRIT, India) into aflatoxin B 1 , using the method of Yao and Hsieh (1974) with minor modifications. Mycelia were thoroughly washed and rinsed with basal medium and blotted dry between folds of filter paper. Mycelia (500 mg) were then transferred to 50 ml conical flasks containing 2 mCi of [ 14 C]-acetate in 10 ml basal medium and incubated at 28°C for a further period of 24 h. Aflatoxins were extracted from the media and chromatographed as above. Spots corresponding to aflatoxin B 1 were removed, suspended in toluene cocktail (3 ml) and counted in a Beckman LS 1801 liquid scintillation counter (Beckman Inc., USA). 14 C]-glucose uptake was studied on 3 day-old pre-formed cultures essentially as per the method of Buchanan and Lewis (1984) . After washing the cultures thoroughly with basal medium devoid of glucose, they were incubated for 1 h in the absence of glucose with shaking (100 rev min −1 ; 28°C) to induce glucose starvation. The cultures (approximately 100 mg wet weight) were then transferred to 1 ml basal med-ium containing 0·5 mCi of [ 14 C]-glucose (310 mCi mmol −1 ; obtained from BRIT) in the presence of varying concentrations of verapamil or diltiazem. After incubation for 1 h with shaking, the cultures were washed thoroughly with distilled water (2 × 10 ml) on glass fibre filters (Whatman GFC). Dried mycelia were directly counted on a Beckman LS1801 counter using 3 ml toluene cocktail.
RESULTS AND DISCUSSION
Several chemicals, including metal ions and metal chelators, have been shown to inhibit aflatoxin synthesis and the common theme in their mechanism of action generally relates to their ability to inhibit the growth of aspergilli (Maggon et al. 1977 ). The present investigation, which examined the influence of Ca 2¦ channel blockers on an aflatoxigenic strain of A. parasiticus, established the requirement of Ca 2¦ in aflatoxin production. Interestingly, Ca 2¦ channel blockers could inhibit aflatoxin production at much lower concentrations than others tested, such as arsenate, caffeine, ethanol, paminobenzoic acid, p-nitrobenzoic acid and sodium arsenate (Maggon et al. 1977; Buchanan and Lewis 1984) . It has been established that aflatoxin production is maximal after 3 d of growth (Praveen Rao et al. 1998) , and treatments with either verapamil or diltiazem during this period result in dosedependent inhibition of aflatoxin production by A. parasiticus, without any apparent growth inhibitory effects (Table 1) . It was also observed that the production of different species of aflatoxins was variably inhibited by verapamil and diltiazem, the former being the more effective. In addition, while both compounds could inhibit the production of aflatoxins of the G group even at lower concentrations, the effect was more pronounced with verapamil. The susceptibility of production of different aflatoxins to either verapamil or diltiazem was in the order G 2 × G 1 × B 2 × B 1 (Table 1 and Fig. 1 ). As aflatoxin B 1 is the initial toxin formed and functions as the precursor for the others, it seems reasonable to postulate that the formation of derivatives of aflatoxin B 1 (such as B 2 , G 1 and G 2 ) may be a Ca 2¦ -dependent process. One of the salient findings of the present study was that the antiaflatoxigenic activity of the Ca 2¦ channel blockers was not accompanied by growth inhibition, suggesting that the primary metabolic events of the mould are not affected by them. In order to verify this, [
14 C]-glucose uptake by preformed mycelia at periods corresponding to aflatoxin formation was measured. As depicted in Table 2, [ 14 C]-glucose uptake remained unaltered, confirming the lack of effect of Ca 2¦ channel blockers on the growth of the organism. This result also indicates that the production of acetate, the primary precursor for aflatoxin synthesis (Tyagi and Venkitasubramaniam 1981) , may be unaltered by Ca 2¦ channel blockers. These observations were followed by measuring the incorporation of [ 14 C]-acetate into aflatoxin B 1 , a primary 
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Aflatoxin content (ng mg −1 dry weight mycelia) - ----------------------------------------------------------------- ------------------------------------------------------------------ verapamil or E-G, 1, 2 and 3 mmol l −1 diltiazem included during growth of the organism toxin formed during aflatoxin biosynthesis. Both the compounds exhibited a dose-dependent inhibition of incorporation, with maximal inhibitions at higher concentrations (3 mmol l −1 ) as shown in Table 2 . This is comparable with results obtained with similar concentrations of ethionine, which also decreases aflatoxin production without accompanying growth inhibition (Detroy and Ciegler 1971) .
Mycelial growth --------------------------
Unravelling the complex molecular mechanisms that regulate secondary metabolite production by fungi remains a challenging area for mycologists. It is particularly relevant in the case of aflatoxin production because of the deleterious effects of fungi on human and animal health, as well as their importance in international trade. In recent years, evidence has become available which suggests that aflatoxin production is a calcium-dependent event, even though a nutritional role for Ca 2¦ is not well established in fungi (Gupta et al. 1975; Clavero et al. 1994) . In view of the well recognized role of calmodulin, the major intracellular calcium-binding protein of eukaryotes (Cheung 1980) , in modulating the second messenger functions of Ca 2¦ , we have recently reported its role in aflatoxin production and demonstrated that the inhibitory effect of trifluoperazine (an anticalmodulin agent) on aflatoxin production by A. parasiticus was accompanied by calmodulindependent phophorylation of an 85 kDa cytoplasmic calmodulin-binding protein (Praveen Rao et al. 1998) . These studies have conclusively established the role of calmodulin in aflatoxin production. It is interesting to note that, similar to Ca 2¦ , vanadium, another modulator of cellular regulatory cascades (Stern et al. 1993) , has also been reported to inhibit aflatoxin production without decreasing the growth of toxigenic aspergilli (Maggon et al. 1973) , suggesting the importance of signal transduction pathways in the initiation of aflatoxin production. The present study, which establishes a role for Ca 2¦ in aflatoxin biosynthesis, also contends that the initiation of secondary metabolite production may be regulated by intracellular processes involving Ca 2¦ and calmodulin. ----------------------------------------------------- ------------------------------- ----------------------------------------------------- 
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